We use the published Planck and SPT cluster catalogs [1, 2] and recently published ydistortion maps [3] to put strong observational limits on the contribution of the fluctuating part of the y-type distortions to the y-distortion monopole. Our bounds are 5.4 × 10 −8 < y < 2.2 × 10 −6 . Our upper bound is a factor of 6.8 stronger than the currently best upper 95% confidence limit from COBE-FIRAS of y < 15 × 10 −6 . In the standard cosmology, large scale structure is the only source of such distortions and our limits therefore constrain the baryonic physics involved in the formation of the large scale structure. Our lower limit, from the detected clusters in the Planck and SPT catalogs, also implies that a Pixie-like experiment should detect the y-distortion monopole at > 27-σ. The biggest sources of uncertainty in our upper limit are the monopole offsets between different HFI channel maps that we estimate to be < 10 −6 .
Introduction
The Planck experiment [4] is the first full sky experiment after COBE (Cosmic Background Explorer) [5, 6] covering the entire CMB spectrum (the blackbody peak, the Rayleigh-Jeans and the Wien regions) with high sensitivity. The wide frequency coverage combined with the unprecedented sensitivity of Planck allows us to detect and separate the y-type distortion [7] over the whole sky and Planck collaboration as well as other groups have already created the maps of y-type distortion from Planck data [8, 9] . The y-type distortion spectrum is given by [7] ∆I ν = 2hν 3 c 2 xe x (e x − 1) 2 x e x + 1 e x − 1 − 4 , (1.1) where x = hν/(k B T CMB ), h is the Planck constant, k B is the Boltzmann constant, T CMB = 2.725 is the CMB temperature and c is the speed of light. The y-type distortion has negative intensity, compared to the background CMB, at ν < 217GHz and positive intensity at ν > 217GHz. The Planck experiment has channels covering both regions as well as at the null (217 GHz). The South Pole Telescope (SPT) and the Atacama Cosmology Telescope (ACT) cover only the negative region and the null at present but at much higher angular resolution of ∼ 1 [2, 10] . The ACT experiment has also observed at 277 GHz and results including this channel should become available in the near future [11] . Planck and other CMB anisotropy experiments measure the changes in the brightness as they scan the sky and are insensitive to the invariant part of the signal. The y-type distortion present in the Planck maps is therefore expected in the standard cosmology to be solely from the Compton scattering of blackbody CMB photons by the hot electrons present in the clusters and groups of galaxies and hot filaments [12] , the result of cosmological structure formation. Since the electrons are hotter than the CMB, Compton scattering results in transfer of energy from electrons to photons, up-scattering the photons from the Rayleigh-Jeans part to the Wien region of the spectrum. The result is a decrease in the intensity of the CMB in the Rayleigh-Jeans part and an increase in the Wien region of the CMB spectrum resulting in the characteristic spectrum of the y-type distortion. 1 The y-type distortion has been used by the SPT (South Pole Telescope), ACT (Atacama Cosmology Telescope) and Planck to discover hundreds of new clusters in addition to studying the physics of known clusters discovered optically or through x-rays [14] [15] [16] [17] [18] [19] [20] [21] .
In the future we expect to have experiments such as Pixie (Primordial Inflation Explorer [22] ) or PRISM ( Polarized Radiation Imaging and Spectroscopy Mission [23] ) sensitive to the absolute brightness of the sky and not just the changes in brightness as they scan the sky. These experiments are expected to be 3-4 orders of magnitude more sensitive then COBE-FIRAS (Far Infrared Absolute Spectrophotometer) [24, 25] . These experiments would in particular measure the average y-type distortion or the monopole on the sky improving by many orders of magnitude the current COBE-FIRAS upper limit of y < 1.5 × 10 −5 [5] .
However since we already have multi-frequency experiments such as Planck and SPT which are more sensitive than COBE-FIRAS and DMR (Differential Microwave Radiometer), it is an interesting question to ask if we can already put better limits on the y-type distortion monopole? The answer turns out to be yes and we use Planck and SPT data to put both upper and lower limits on the y-distortion monopole. This is possible because the y-type distortion from the large scale structure is a strictly positive very inhomogeneous signal with a non-varying part that is very small compared to the part which varies on the sky. Therefore the contribution to the monopole or the average y-type distortion from the invariant part, to which the experiments such as Planck and SPT are insensitive, is expected to be negligible compared to the contribution from the fluctuating part of the y-type distortions, at least in standard cosmological model without any new physics. In the standard cosmological model, there are two main contributors to the invariant part of the y-type distortion.
The first is the dissipation of sound waves before and during recombination known as Silk damping [26] [27] [28] [29] due to photon diffusion and free streaming and results in an exponentially decaying anisotropy spectrum in the CMB. This decrease in the power in sound waves on small scales during the epoch of recombination has already been measured by SPT, ACT and Planck [30] [31] [32] . This energy which disappears from the CMB anisotropies appears in the CMB monopole as spectral distortions [33] [34] [35] . At z 10 4 the distortion is a y-type distortion while at higher redshifts there is thermalization of the distortions towards the equilibrium Bose-Einstein spectrum resulting in the intermediate and µ-type distortions [33, [36] [37] [38] [39] [40] [41] [42] [43] [44] . Since the Universe in the standard model is statistically homogeneous and Gaussian, the sound waves on small scales have the same amount of power everywhere. Therefore we expect that the same amplitude of distortions would be created everywhere, i.e. we would have an invariant contribution to the y-distortion monopole. There will be a small difference in different parts of the Universe because of the cosmic variance which we can neglect. We should mention that in the presence of non-Gaussianity we can have a spatially varying distortion since non-Gaussianity can cause the small scale power to vary from place to place [45] [46] [47] . The invariant y-type distortions coming from the Silk damping are expected to be y Silk damping ∼ 4 × 10 −9 [34] in the standard ΛCDM cosmological model. Any non-standard energy release during the recombination, which may also create y-type distortions, would also delay recombination and therefore change the CMB anisotropy power spectrum. Any energy release between recombination and reionization is therefore already tightly constrained by the CMB anisotropies [21, 42, [48] [49] [50] [51] [52] and the resulting y-type distortion is constrained to be sub-dominant compared to the Silk damping signal.
The second homogeneous contribution is expected to come from reionization at z 6. We expect the temperature of gas during the reionization to be ∼ 10 4 K [53] and with optical depth through reionization of τ ∼ 0.07 [21] , we expect y Reionization ≈ τT e /m e ∼ 10 −7 [22] .
The fluctuating part on the other hand is expected to be dominated by the contributions from clusters [54, page 15] and groups of galaxies and warm hot intergalactic medium (WHIM) [55, 56] . The contribution from the peaks in the large scale structure and the effect of baryonic physics to the y-type distortion fluctuations has been studied by many groups using numerical simulations as well as analytically [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] . The predictions for the average distortion from this fluctuating component range from y = 10 −6 − 3 × 10 −6 [57-62, 64, 66, 68] with majority of simulations leaning towards 2 × 10 −6 . This average distortion is sensitive to baryonic physics, in particular to any mechanism that can inject energy into the intergalactic medium. These predictions are the ones that the Planck experiment is sensitive to and are possible to test with the current data.
In addition to the anisotropic contribution to the y-distortion from the large scale structure, we also have contribution from the hot gas in our vicinity. Our Solar system is embedded in a local cavity or bubble of s ≈ 40 − 130pc size filled with hot ionized gas with temperatures ≈ 10 6 K and pressure of P/k B ≈ 1.5 × 10 4 cm −3 K [69] . This implies a local y-type distortion from our vicinity of y = σ T Pd/(m e c 2 ) ≈ 5 × 10 −10 , where σ T is the Thomson scattering cross section and m e is the electron mass. Our galaxy is also surrounded by a hot halo of ionized gas belonging to the warm hot circumgalactic medium and the local group medium with temperature ≈ 2 × 10 6 K and electron density n e ≈ 2 × 10 −4 cm −3 extending to ∼ 72 kpc [70] giving y ∼ 5 × 10 −9 . These small local contributions may be detectable by future experiments and could be separated from the cosmological y-distortion owing to their characteristic anisotropic signature on the sky.
The full sky map of y-type distortion and masks
Planck collaboration maps [8] of the y-type distortion created using the internal linear combination methods are now publicly available and use two different internal linear combination (ILC) algorithms MILCA (Modified ILC Algorithm) [71] and NILC (Needlet ILC) [72] . We will use the maps of ytype distortion constructed using the Planck HFI channels in [3] using a different method. These maps are constructed using the linearized iterative least-squares (LIL) parametric model fitting scheme proposed in [73] . We reproduce the y-map from [3] in Fig. 1 . The well known clusters can easily be spotted on the map. Approximately 14% of the sky most contaminated by the dust and CO emission has been masked in the map.
An advantage of the parametric model fitting is that it gives a quantitative estimate of how good the model fits the data in the form of χ 2 . This information was used in [3] to construct a mask which masks the regions on the sky worst affected by the carbon-monoxide (CO) emission, the main contaminant for the y-distortion signal.
The Planck catalog was also revisited in [3] and clusters and cluster candidates where the y-type distortion signal should be free of CO contamination were identified. We will use this CO mask and the clean sample of clusters to put reliable upper and lower limits on the average y-type distortion. We will try to be conservative everywhere, so that small amount of remaining contamination would always expand our limits. We consider the limits derived in this ultra-conservative way to be the hard limits and the probability that these limits are violated should be vanishing. In calculating the upper limit we will directly average the y-type distortion in the pixels in y-map in real space. We refer the reader to [73] for details of our component separation method and to [3] for details of the construction of the y-type distortion map, CO mask and identification of clean clusters. An important feature of our algorithm is nested model selection. We fit a 3 parameter CMB+dust model as well as a CMB+dust+y model to every pixel. The difference in χ 2 (or −2 ln(Likelihood)) for the 3 parameter and 4 parameter model has a χ 2 distribution with one degree of freedom. We set a threshold in the χ 2 difference for the two fits, ∆χ 2 , for the acceptance of the extra y parameter. If the improvement in χ 2 by adding the extra y-type component to the sky emission model is larger than the threshold ∆χ 2 , we accept that the y component is present and take the best fit amplitude. If the improvement is smaller than the threshold we reject the y-type component and set the y amplitude in that pixel to zero. A ∆χ 2 = 0 threshold would imply no model selection and accepting the y-type component everywhere while thresholds of 1.6, 2.7, 3.8 imply that there is 20, 10, 5% probability respectively that we except the 4 parameter model with y component when the fourth y-component is in fact absent i.e. these Figure 1 . Map of y-type distortion at 10 resolution constructed from the lowest four Planck HFI channels in [3] .
are the probabilities for the false detection of y-type signal. Higher thresholds would therefore result in cleaner y-maps with the price that some of the below noise y-signal would also be lost. The map shown in Fig. 1 corresponds to ∆χ 2 = 3.8.
In addition to the Galactic CO emission, the CO emission lines from external galaxies form a diffuse background. This background, integrated over all redshifts, is expected to contribute ∼ 1 µK to Planck frequency channels at 100 GHz and above with an almost flat spectrum [74] . The variation with frequency in the redshift integrated spectrum, which is relevant for contamination to the y-distortion, should be even smaller, of order 0.1 ∼ µK and therefore the contamination to the average y-type distortion of < 10 −7 . 2 This is a factor of 20 smaller than the upper limit we will get and we can neglect it. Note that the diffuse extragalactic background can give either positive or negative contamination to the y-distortion depending on its exact spectral shape. The galactic CO emission on the other hand, with the canonical line ratios that we have assumed, always gives a positive contamination and will bias our upper limits towards higher values. The strongest contaminant for us is the Galactic CO and dust emission and we will focus on these from now on.
Comparison with Planck maps
We show in Fig. 2 the probability distribution function (PDF, P(y)) of our map calculated with LIL algorithm for ∆χ 2 = 0.0 and compare it with the MILCA and NILC maps in Fig. 3 for 51% sky fraction (masks are defined in the next section). Also shown are the P(y) when all clusters and cluster candidates in the second Planck cluster catalog are masked. We see in Fig. 2 the skewness in the PDF compared to the symmetric and Gaussian noise PDF, as predicted by [76] , from the non-Gaussian y-distortion signal not only in the far tail coming from massive clusters, but also at small y near the center, coming from unresolved clusters and groups of galaxies. All maps in Fig. 3 agree in the positive tails of the distribution which are dominated by the detected clusters. The LIL map has larger noise (calculated from the half ring half difference maps) compared to the MILCA and NILC maps. The width of the MILCA and NILC distributions are however significantly wider than their noise distributions indicating that their maps are probably dominated by contamination while our maps are dominated by noise. The most significant difference in our maps and Planck maps is the absence of positive skewness at small values of y in the MILCA and NILC maps. We expect this skewness if there was y-signal present in the maps below the pixel noise level in the maps. This is probably because the Planck ILC based algorithms explicitly remove the monopole, the very signal we are interested in. We therefore cannot use MILCA and NILC maps to estimate the average y-distortion signal and will only present results from LIL maps. The negative tails, representing galactic and radio source contamination, are slightly larger in case of LIL. However the contribution of these tails to our average y-signal is negligible since their probability is < 10 −3 compared to the peak. The average y-signal corresponds to the integration over the PDF and gets most of the contribution from near the peak of the PDF at |y| ∼ few × 10 −6 . We will also quote ultra-conservative values, integrating over only the positive half of the PDF explicitly ignoring the negative contamination tail.
Upper limits on the average y-distortion
We will use the y-map and CO masks to estimate the average y-type distortion or the monopole. We have seen in the previous sections that we should expect non-negligible contamination from dust and Figure 3 . The PDF of LIL,NILC, and MILCA y-maps for the same 51% of the sky. Note that the difference from the PDF published in [8] is because they applied additional filtering to their maps before calculating the PDFs while we plot the unfiltered PDFs.
CO emission in the y-map, especially for pixels where no cluster is detected. Therefore even though it is trivial to calculate the y-distortion from the y-map with statistical error that should be extremely small owing to the averaging over the millions of pixels in the whole sky, the systematic error is much harder to estimate. We will therefore take a conservative approach and instead of giving the error bar at some number of σ, we will try to put a hard upper bound so that the probability that the signal would exceed our upper bound is vanishing. We will validate our results using the FFP6 simulations [77] . We augment our minimal 86% mask using the 545 GHz channel to get successively cleaner and cleaner portions of the sky. Note that unlike the non-zero low order multipoles, for the monopole we do not need a large fraction of the sky and we should expect the monopole to be same in different small patches of the sky for a statistically homogeneous and isotropic Universe. We also analyze the maps generated with different nested model selection thresholds of ∆χ 2 = 0, 1.6, 2.7, 3.8 to verify how much signal is lost by our model selection procedure, ∆χ 2 = 0 means no model selection and we fit for the y-distortion component everywhere. Even though we have taken care to mask strong radio sources which appear as negative y sources in the y-map, there will still be some sources below our thresholds that would remain in the map. There is of course positive foreground contamination also, mostly from the residual CO emission, the positive and negative contamination is not expected however to completely cancel each other. There are two ways to handle these pixels when we are interested in the upper bounds. A conservative approach would be to set all negative pixels to zero and then average over all the pixels. This procedure would bias our results towards higher values of y as the positive noise fluctuations are still added to the signal. An ultra-conservative approach would be to mask or completely ignore the negative pixels and average only the positive pixels completely avoiding the dilution in signal from the negative pixels. In what follows we take the ultra-conservative approach. The resulting y-type monopole for different combinations of above mentioned analysis procedures is summarized in Table 1 . We will label the average y when keeping the negative values as average estimate and results when masking negative pixels as Ucons. estimate. The conservative values of course lie between these two extremes.
There is a small systematic variation with the changing sky fraction and ∆χ 2 , which is expected, in addition to a jump when the model selection is turned on. The fact that the changes from ∆χ 2 = 1.6 to 3.8 are very small gives us confidence that our model selection is not throwing away too much signal along with the contamination. In particular both the average and ultra conservative values converge towards y = 1.0 × 10 −6 with the decreasing sky fraction and increasing ∆χ 2 signaling the decrease in foreground contamination. We therefore take y = 1.0 × 10 −6 as our best estimate for the average y-type distortion and take the ∆χ 2 = 0.0, 31% sky fraction value of 2.2 × 10 −6 as hard upper bound. It is clear from the table that this is a very conservative bound and we expect that the probability that the average y-type distortion will exceed this value is vanishing. We note that this bound is a factor of 6.8 times stronger the COBE 95% upper limit of 15 × 10 −6 [5] . Our limits of course only apply to the fluctuating contribution whereas COBE-FIRAS limits are more generally applicable. We should also mention that for ∆χ 2 = 0.0, 31% sky fraction the conservative limit (see above) is 1.3 × 10 −6 close to our best estimate.
We also note that the contribution of clusters from the Planck catalog outside our masks are consistent across the table at y clusters ≈ 4 × 10 −8 and this provides a strong lower limit to the y-type distortion. We will compare this limit with one derived directly from the Planck and SPT cluster catalogs in the next section.
Effect of systematic offsets between channels, validation with FFP6 simulation and with lower resolution maps
The FFP6 simulations simulate the nominal Planck sky and therefore have higher noise compared to the Planck full mission. Nevertheless we can use the FFP6 simulations to answer the following Table 2 . Effect of introducing systematic offsets in one channel at a time. The signs of offsets are chosen to be in the same direction as the y-distortion signal. Note that for the 353 GHz channel, the offset is getting absorbed in the other components and y-distortion signal compensates by going in the direction opposite than expected.
question: Do the foregrounds bias our results towards higher or lower values of y. We have repeated our analysis on the FFP6 simulations which have an input average y of ≈ 3.9 × 10 −7 . Our output y-map has y = 4.5 × 10 −6 corresponding to the ultra-conservative upper limit on 31% sky and no model selection and ≈ 2.8×10 −6 corresponding to the ∆χ 2 = 3.8. This values are considerably higher compared to our values on the real sky and the true value.
The main reason is that in the FFP6 simulations there are offsets present of order 10 − 30 µK between the maps which give an almost constant monopole y-signal over the whole sky in our reconstructed y map. This offset contribution, which is positive y-monopole, is really what we are measuring as the average y. To test this, we remove the relative offsets from the FFP6 channel maps estimated from the CMB only channel maps. After removing the rough offsets we get ultra conservative limits of y = 1.64 × 10 −6 and 1.0 × 10 −7 for ∆χ 2 = 0.0 and 3.8 respectively. Thus with and without model selection values nicely bracket the true value of y = 3.9 × 10 −7 .
For the real data the offsets have been estimated and removed in the released maps [78] . We also removed the CIB monopole that is added to the released Planck maps together with the best estimates of the residual dipoles [79] . If we do not remove the CIB monopoles, we get much higher values of y = 4.1 × 10 −6 and 2.6 × 10 −6 for ∆χ 2 = 0.0 and 3.8 respectively. The maximum estimated uncertainty in the 100 GHz, 143 GHz and 217 GHz channels for the residual offsets is 3 − 5 µK and it is 23 µK for the 353 GHz channel [80] and these are the biggest source of uncertainties for our upper limit. We re-run our calculations after adding offsets corresponding to these uncertainties to one channel at a time. The results for ∆χ 2 = 0.0 and sky fraction f sky = 31% are tabulated in Table  2 . We therefore expect the maximum error in our y-estimate to be of order ∼ 10 −6 assuming that the offsets do not completely mimic the y-distortion. If the offset errors are random they will partially cancel each other and we should expect the actual error to be smaller.
The FFP6 simulations do not contain diffuse emission from the WHIM [56] that we expect in the real sky. If such diffuse emission is present, it should be possible to place better limits on the diffuse emission by rebeaming the maps to a bigger beam and redoing the analysis. We do this for the real full mission maps at 30 and 60 resolution. Note that once we are at such low resolutions it no longer makes sense to do model selection since the signal will be spread out over large areas. We therefore turn-off the model selection (i.e. set ∆χ 2 = 0) and redo the analysis as in the previous section. For 30 resolution we get a conservative y = 4 × 10 −7 and an ultra-conservative value of 7.4 × 10 −7 . The corresponding values for the 60 resolution are 2.6 × 10 −7 and 5.4 × 10 −7 . There is therefore a trend towards lower values with increase beam size. For these large beams however there is not sufficient control over the foregrounds which also spread out. We therefore use the smallest average ∆χ 2 = 0, f sky = 31% and largest average value for ∆χ 2 = 3.8, f sky = 31% from Table 1 to give our best estimate for average y to be 7 × 10 −7 ≤ y ≤ 10 −6 . This discussion also shows the difficulty of actually measuring the average y-type distortion in the Planck maps and this is the reason we opt instead to put conservative upper and lower bounds. Table 3 . Average values of y-distortion monopole amplitude y × 10 6 calculated from the Planck and SPT cluster catalogs [1, 2] . We divide the samples into low redshift and high redshift samples at z = 0.3. The Planck and SPT clusters give comparable contributions to the average y-distortion. 4 Lower limits on the average y-distortion from the Planck and SPT cluster catalogs
There are already more than 1000 clusters detected by Planck and SPT and available as catalogues. The average y distortion of course includes contribution from these clusters and therefore we can use these catalogs to provide a hard lower bound on the average y distortion. We use both the Planck and SPT catalogs since they are complimentary. Planck is very good at detecting large nearby clusters while SPT is more efficient in detecting the distant clusters. We use the second Planck catalog [1] covering 83.6% of the sky and the SPT catalog covering 2500 deg 2 [2] . The Planck catalog gives the values of y integrated over the cluster Y 500 within the radius R 500 , i.e the radius inside which the average density is 500 times the critical density at the redshift of the cluster, estimated from measurements of Y 5R500 assuming a cluster model. The SPT catalog on the other hand provide the core radius (θ c ) of the beta profile fit to the cluster [81] along with the integrated y signal inside the θ max = 0.75 radius for each cluster, The beta profile has been previously found to be a good fit to the SPT clusters out to virial radius of θ 500 ≈ 5θ c [82] . We therefore integrate the y signal out to 5θ c for all SPT clusters. The average contribution of Planck and SPT clusters is given in Table 3 .
For the clean Planck sample, where we remove the sources identified by our algorithm as molecular clouds [3] , we get a total value of 4.3×10 −8 which agrees beautifully with the value we estimated directly from our maps for the Planck clusters in the previous section. This shows indirectly the agreement between our y-maps and those created by the Planck collaboration. From Fig. 6 in [2] we see that most of the Planck detected clusters lie at z < 0.3 whereas the majority of the SPT clusters are at z > 0.3. We therefore use this redshift to divide both the SPT and the Planck clusters into the low redshift and high redshift samples. For the low redshift contribution to the average y-distortion we take the Planck low redshift clean sample value of y z≤0.3 = 3.3 × 10 −8 . In calculating this value we have not included the clusters for which redshift is not known. Those clusters are included in the z > 0.3 values.
For the SPT samples, we show values calculated by extrapolating the quoted parameters in the SPT cluster to 3θ c and 5θ c . For the high redshift sample, there is a difference of 30% in these two values. For our lower limit we decide to be conservative and choose the smaller value giving y z>0.3 = 2.1 × 10 −8 . Combining the Planck and SPT therefore we get the final lower bound on the average y distortion of y > 5.4 × 10 −8 . In the published proposal of the Pixie experiment [22] , the target is given as 5-σ detection of y = 10 −8 . Our calculations therefore guarantee that Pixie would detect an average y-type distortion at least 27-σ.
Conclusions
We have used our recently constructed maps of y-type distortion from the Planck HFI channels to arrive at strong upper bounds on the average y-distortion or the monopole. The FFP6 simulations indicate that our value is dominated by the foregrounds contamination which drives the value higher and this bound should be considered as hard upper bound. This bound is y < 2.2 × 10 −6 and is a factor of 6.8 stronger than the COBE-FIRAS 95% upper limit of 15×10 −6 . There is however a caveat. Our limit only applies to the contribution to the monopole from the fluctuating component of the ytype distortion, since this is the signal to which Planck is sensitive. The COBE-FIRAS measurements were on the other hand absolute measurements and also constrain the non-fluctuating or the invariant background component. The two main sources of uncertainty in our y are the residual foregrounds, especially the galactic CO emission, and offsets between the Planck channel maps since Planck does not measure the absolute brightness of the sky. We estimate the error in our upper limit from the systematic offsets to be < 10 −6 .
We have also derived a strong lower bound on the average y-type distortion using the Planck and SPT cluster catalogues. This bound is y > 5.4 × 10 −8 and should also be considered a hard lower bound.
Our analysis predicts a very optimistic picture for the proposed experiment Pixie which should detect the global y-type distortion monopole at 27-σ. We of course expect the actual distortions to be much higher. With the future cluster surveys similar to current SPT, Planck and ACT, we expect to measure and remove most of the contributions from the low redshift large scale structure from the Pixie measurements and reach the invariant (non-fluctuating) y-distortion created during the reionization.
